ABSTRACT
INTRODUCTION
Chromosomal rearrangements that relocate a euchromatic gene in the vicinity of heterochromatin often result in a variegated, i.e. mosaic, phenotype. The permanent inactivation of the relocated gene in some cells but not others seems to be the consequence of a variable spreading of the heterochromatic conformation into euchromatin, though alternative models have been proposed (see 1-3 for diverse opinions on the matter, and references therein for reviews). A number of dominant mutations, the modifiers of variegation, affect the extent of variegation, namely the proportion of cells in which the relocated gene is inactivated (1) . These genes may encode components of the chromosome that play an important role in maintaining an active or inactive state of chromatin. We have previously mapped and cloned the modifier gene Suvar(3)7 and shown from the deduced protein sequence that it seems to encode a zinc finger protein; genetic transform-EMBL accession no. X52187 ation with a genomic fragment indicated that an increase in the dose of the gene increases variegation (4) . We report here that the locus produces two alternative transcripts and we demonstrate by genetic transformation that both transcripts encode the genetic function. We have also determined the transcript levels and distribution throughout development. We have found that the transcripts are longer at their 5' end than the sequence we published previously (4) and that the correction of a sequencing error also extends the sequence of the protein at its N-terminus. We now report the complete deduced sequence of the protein encoded by Suvar(3)7, revealing not five, but seven scattered putative zinc fingers, each preceded by a tryptophan motif resembling those previously described in front of the homeodomain of proteins encoded by certain homeotic genes. By analogy, this adds to our speculation that the Suvar(3)7 encoded protein plays a mechanical role in chromosome condensation.
MATERIALS AND METHODS
RNA extraction, poly(A+) selection Embryos, larvae, whole adults and dissected ovaries from the Canton S strain were ground in 100 mM Tris-HCl, pH 9.0, 100 mM NaCl, 20 mM EDTA, 1% Sarcosyl-30 (CIBA) and spun for 5 min at 5000 r.p.m. After several extractions of the supernatant with phenol-chloroform-isoamylalcohol (50:50:1) and ethanol precipitation, the pellet was resuspended in diethylpyrocarbonatetreated water (0.02%) and selection of poly(A+) RNA was achieved on oligo(dT)-cellulose (Pharmacia Transcription conditions were as above. The efficiency of labelling was estimated by including a radiolabelled ribonucleotide (diluted 1/100) in the reaction mixture. Complete (100%) incorporation gave a yield of 66 jig of synthesized RNA. To penetrate embryos, the probe had to be partially hydrolysed. the pellet was resuspended in 50 jil 40 mM sodium bicarbonate, 60 mM sodium carbonate, pH 10.2. Incubation was at 60°C for a time determined as follows: time (min) = initial length (kb) -final length (usually 0.2 kb)/0.11 x (initial length x final length). For DNA probes, the protocol is as described (6) . For riboprobes, the protocol is an adaptation of that of Harland (7), where prehybridization and hybrization were carried out at 60°C in the same buffer as was used for DNA probes. Hybridization solution contained 2 jig riboprobe denatured for 30 s at 95°C in 400 jil. (unpublished) and N. Brown (8) ]. In addition, to better delineate the transcriptional unit, different genomic fragments spanning the locus were tested for their ability to detect one or the other transcript (Fig. 1B) . This analysis provided the first evidence that the two transcripts share the same 5'-end but differ at their 3'-ends. Indeed, fragments at the 3'-end of the locus identify the longer transcript on Northern blots, but not the shorter one (Fig.  1B and data not shown) . Sequencing of the cDNA clones determined, first, that the Suvar(3)7 transcription unit extends further at its 5'-end than we had previously reported and, secondly, that the cDNA clones define two classes of transcripts which differ solely in the length of their 3'-untranslated sequence (see below). The complete sequence of the longer transcript, which comprises 5047 nt [without poly(A)], is not given here, but is accessible in the EMBL, GenBank and DDBJ nucleotide sequence databases under the accession number X52187. To confim that the start of the cDNA sequences indeed represents the start of transcription in vivo, we performed the primer extension analysis shown in Figure 2 . The major site (+1) is indeed preceded 29 nt upstream on the genomic DNA by a TATA box-like motif. At the 3'-end, the two classes of cDNA clones determine two termination sites that are preceded in the sequence by poly(A) sites at positions 4175 and 5013. The two transcripts hence differ by 844 nt. The two sizes of 5047 and 4203 nt, excluding the poly(A) tails, correspond well to the sizes of 5.0 and 4.2 kb determined on Northern blots (Fig. 1) . That the longer transcript on blots actually corresponds to the longer class of cDNA is demonstrated by the use of a 3'-end-specific probe on the blots in Figure lB. Genomic sequencing (not shown) has led us to map three small introns dispersed over the coding sequence and a larger one close to the 5'-end. The introns are located on the cDNA sequence after positions 927, 1512, 1857 and 2835. We conclude from the data above and restriction analysis (data not shown) that it is very likely that the two classes of transcripts differ solely by the use of an alternative termination site. (2)101, so that the effect of two additional copies of Suvar(3)7 could be distinguished from the effect of one additional copy (see Fig. 4 for details of genotypes in a similar test). The flies on the left side are males and illustrate the effect without heat-shock ofone copy (heterozygote, top) or two copies (homozygote, bottom) of the transgene. The two flies on the right side illustrate the same genotypes in females.
controlled by genomic Southern analysis (data not shown). Six independent transgenic lines were crossed to the white mottled 4h (Wm4h variegating rearrangement as previously described for the transformation with genomic fragments (4). Figure 3 illustrates the dramatic enhancement of variegation in the resulting progeny, even in the absence of heat shock. Figure 3 also shows that two copies of the transgene enhance variegation more than one and that the effects are stronger in males (only one copy of the variegating rearrangement on the X chromosome) than in females carrying two copies of the rearrangement. These transgenic lines thus provide direct evidence that the transcripts we describe here encode the genetic function of the locus. It is also of interest to note that the phenotypic effects of the large and the small transcript were indistinguishable (data not shown).
Developmental pattern of Suvar(3)7 transcript levels: a maternal contribution
The developmental Northern blot in Figure 1 reveals two transcripts of 5.0 and 4.2 kb and shows their abundance at selected developmental stages. The smaller transcript is predominant and is found first as a maternal contribution (Fig. IA, 0 -2 h embryos and adult female ovaries). It is detected throughout embryogenesis (4-12 h) and in larvae (2nd instar) and adults (whole males and ovaries). Though at first of maternal origin, the persistent presence of message from late embryos to adults suggests that embryonic and post-embryonic synthesis is also likely. The larger transcript is less abundant than the smaller, but Figure I A does not show obvious differences in the pattern of expression. A probe specific for the 3'-end of the transcript labels only the larger species (Fig. IB) . The message for the ribosomal protein rp49 was used as a control to compare the different lanes (Fig. IC) .
Tissue distribution of the transcripts: specific pattern in ovaries The tissue distribution ofthe transcripts was determined by in situ hybridization to whole mounts of embryos and dissected organs. In ovaries, the DNA probe labelling both transcripts (Fig. 4A) confirms the maternal origin of the message inferred from the Northern blots. The message is first detected in the germarium and becomes very intense in the nurse cells of stage 10 oocytes. It is then transferred into the maturing oocyte. The riboprobe specific for the larger transcript (Fig. 4B) shows a strong signal in somatic follicular cells in addition to the nurse cells. That this additional staining was not observed with the DNA probe comprising both transcripts results from a large difference in relative abundance and the lesser sensitivity of DNA probes. The Northernblot (Fig. 1) confirms this large difference in abundance. Figure 4B hence suggests that the signal in somatic tissue is specific for the 5.2 kb transcript.
In pre-blastoderm embryos the RNA is rather uniformally distributed, before being concentrated in the cytoplasm of all cells of the cellular blastoderm. This distribution is found ubiquitously throughout embryogenesis (not shown), but at the end of embryogenesis, the staining is concentrated in the the central nervous system and gut (Fig. SA) . Hybridization with the probe specific for the longer transcript (Fig. SB) does not show any significant differences from the above, except for the absence of detection in the central nervous system of late embryos.
The complete deduced sequence of the protein: seven zinc fingers each preceded by a tryptophan box That the cDNA sequence is longer than we had previously determined (4) led us to re-investigate the conceptual translation of the message. This, together with the correction of a sequencing error (introduction of a G at position 52 in the previously published sequence, position 1147 in the present report) allowed us to extend the N-terminus of the protein by 237 amino acids, leading to a 1169 amino acid long protein with a calculated Mr of 131.138 x 103. Figure 6 shows an alignment of the sequences of the seven zinc fingers starting from the upstream tryptophan box. In the lower part of the figure we have schematized the scattered distribution of zinc fingers in the complete protein sequence.
Since we are now confident of having detenmined the correct start of transcription, we believe that we have also determined the complete protein sequence. Surprisingly, this led us also to discover two new zinc-finger motifs, each with the same characteristics as the five we had described previously (4). Another motif, the so-called tryptophan box (9-13) is found in front of the first cysteine of each of the seven fingers (Fig. 6) . The figure shows, in addition, that the number of amino acids separating the tryptophan box from the zinc finger (as determined by the first cysteine) is fairly conserved, with a minimum of 11 and a maximum of 16 amino acids. We also note that the first two tryptophan boxes are themeselves preceded by a small region very rich in tryptophan. The two classes of transcripts do not wUo- Figure 4 . Distribution of the transcripts in adult ovaries. (A and B) the probes described in the scheme at the top of Figure 1 (DNA probe A labels both transcripts, riboprobe B labels only the large one). Signal in the germarium is weak, but was confirmed in many preparations. 
